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Method for Producing Quartz Glass Jig and Quartz Glass Jig 
Technical Field to which the Invention Belongs 

The present invention relates to a method for the manufacture of a quartz glass jig used in a 
1 0 semiconductor industry and also to natural and synthetic quartz glass jig manufactured by 
the above method for the manufacture of a quartz glass jig. 

Prior Art 

With regard to a quartz glass jig used in a semiconductor industry, natural quartz glass raw 
15 material is made into a desired shape by a flame process or the like, subjected to a 
strain-removing annealing or the like and then washed to give a product. 

In the quartz glass jig manufactured as such, metal impurities are diffused in the depth 
direction to an extent of 100 jam (surface layer) from the surface during a high-temperature 
2 0 thermal treating step in the processing steps and, in the washing treatment of the surface 
layer which is the final step, contamination takes place to such a depth that is unable to be 
removed. Such metal impurities are released upon the high-temperature thermal treatment 
in the manufacturing steps for semiconductors and adhere to silicon wafers resulting in a 
cause for defective products. Especially, release of metal impurities such as Li, Na, Mg, Al, 



K, Ca, Ti, Cr, Fe, Ni and Cu which is a problem in the use in semiconductor industry is not 
preferred. 

As a countermeasure therefor, there have been attempted that an atmosphere in a chamber 
5 in the step for the manufacture of quartz glass jig is made clean, that a burner for a flame 
processing is prepared by a quartz glass, that an anneal furnace where the furnace wall is 
produced by a special clean material is used, etc. 

Problems that the Invention is to Solve 

10 In the quartz glass jig prepared by the above-mentioned methods, it is true that 

contamination of the surface layer part is reduced and that, when used in a semiconductor 
industry, defect in silicon wafers is little and advantages are confirmed. However, when 
those countermeasures are carried out either wholly or separately, the cost and troublesome 
therefor are very big burden in the sale and the manufacture. 

15 

An object of the present invention is to provide a method for the manufacture of a quartz 
glass jig whereby degree of cleanness of the surface layer of a quartz glass jig used in a 
semiconductor industry can be improved at low cost easily and surely and also to provide a 
quartz glass jig where degree of cleanness of the surface layer is improved. 

20 

Means for Solving the Problems 

In order to solve the above-mentioned problems, the first feature of the method for the 
manufacture of the quartz glass jig according to the present invention is characterized in that, 
in a method for the manufacture of a quartz glass jig in which a quartz glass raw material is 
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made into a desired shape by a treatment including a flame process, subjected to a 
strain-removing annealing and then washed to give a product, a gas-phase etching step and 
a gas-phase purifying step are carried out on the surface layer of the quartz glass jig after 
the above strain-removing annealing treatment and before the above washing treatment 
5 wherein, after the above gas-phase etching step, the above gas-phase purifying step is 
carried out continuously. 

The second feature of the method for the manufacture of the quartz glass jig according to the 
present invention is characterized in that, in a method for the manufacture of a quartz glass 

1 o jig in which a quartz glass raw material is made into a desired shape by a treatment including 
a flame process, subjected to a strain-removing annealing and then washed to give a 
product, a gas-phase etching step and a gas-phase purifying step are carried out on the 
surface layer of the quartz glass jig after the above strain-removing annealing treatment and 
before the above washing treatment wherein the above gas-phase etching step and the 

15 above gas-phase purifying step are carried out at the same time. 

The third feature of the method for the manufacture of the quartz glass jig according to the 
present invention is characterized in that, in a method for the manufacture of a quartz glass 
jig in which a quartz glass raw material is made into a desired shape by a treatment including 
20 a flame process, subjected to a strain-removing annealing and then washed to give a 
product, a gas-phase etching step and a gas-phase purifying step are carried out on the 
surface layer of the above quartz glass jig together with the above strain-removing annealing 
treatment wherein, after the above gas-phase etching step, the above gas-phase purifying 
step is carried out continuously. 
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The fourth feature of the method for the manufacture of the quartz glass jig according to the 
present invention is characterized in that, in a method for the manufacture of a quartz glass 
jig in which a natural quartz glass raw material is made into a desired shape by a treatment 
5 including a flame process, subjected to a strain-removing annealing and then washed to 
give a product, a gas-phase etching step and a gas-phase purifying step are carried out on 
the surface layer of the above quartz glass jig together with the above strain-removing 
annealing treatment wherein the above gas-phase etching step and the above gas-phase 
purifying step are carried out at the same time. 

10 

In the above gas-phase etching step, it is advantageous that the treatment is carried out 
within a temperature range of 0°C to 1300°C, more preferably 200°C to 1300°C or, still more 
preferably, 800°C to 1300°C in an etching gas such as a gas atmosphere containing F. It is 
desirable that the above gas-phase etching step is carried out for 15 minutes or longer. 

15 

With regard to the above gas containing F, at least one member selected from a group 
consisting of C x F y , Cl x F y , N x F y , Si x F y , S x F y (here, x and y in each formula are 10 > x > 1 and 
10 > y > 1), CHF 3 , HF and F 2 is advantageously used. With regard to the gas containing F, it 
is not limited to the above so far as it is in a gaseous state at 0°C to 1300°C and reacts with 
2 0 quartz glass and a compound with metal element such as BF 3 and PF 3 may be used as well. 
When the temperature for the gas-phase etching treatment is lower than the boiling point 
temperature of the above-mentioned gas, the gas may be sometimes supplied as a gas in 
such a state where fine particles of liquid are scattered therein but, even in such a case, the 
same effect is able to be achieved. Accordingly, as an etching gas used in the gas-phase 
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etching step of the specification of the present application, it is a matter of course that an 
etching gas in a gas phase or, in other words, in a state of gas is used but, besides that, the 
above-mentioned etching gas in which fine particles of liquid are scattered therein is 
included as well. In addition, it is more preferred that the above-mentioned gas atmosphere 
5 containing F further contains H. For example, H 2 or H 2 0 gas may be contained therein. 

In the above-mentioned gas-phase purifying step, it is advantageous to carry out a 
high-temperature thermal treatment within a temperature range of 800 to 1300°C in a gas 
atmosphere containing CI. It is preferred that the above gas-phase purifying step is carried 
10 out for 15 minutes or longer. It is preferred that the above gas containing CI is HCI and/or 
Cl 2 . 

When the gas-phase etching step and the gas-phase purifying step are carried out at the 
same time, it is advantageous that a high-temperature thermal treatment is carried out for 30 
15 minutes or longer at the temperature range of 800 to 1300°C in an atmosphere in which the 
above-mentioned gas containing F and the above-mentioned gas containing CI are mixed. 

The natural quartz glass jig of the present invention is a quartz glass jig manufactured by the 
method for the manufacture of the quartz glass jig of the present invention and it is 
2 0 characterized in that the above quartz glass raw material is natural quartz glass and 

concentration of each of Li, Na, Mg, K, Fe, Cr, Ni and Cu until the depth of 100 jim from the 
surface (surface layer) is less than 50 ppb. 

The synthetic quartz glass jig of the present invention is a quartz glass jig manufactured by 
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the method for the manufacture of the quartz glass jig of the present invention and it is 
characterized in that the above quartz glass raw material is synthetic quartz glass and 
concentration of each of Li, Na, Mg, Al, K, Ca, Ti, Cr, Fe, Ni and Cu until the depth of 100 ^im 
from the surface is less than 50 ppb. 

5 

As hereunder, the mode for carrying out the present invention will be illustrated on the basis 
of the attached drawings and it goes without saying that such a mode for carrying out the 
invention is shown in an exemplified manner and that various modifications thereof are 
possible so far as they are not outside the technical idea of the present invention. 

10 

Brief Description of the Drawings 

As hereunder, the method for the manufacture of the quartz glass jig of the present invention 
will be illustrated by referring to Fig. 1 to Fig. 4. 

15 Fig. 1 is a flow chart schematically showing the process steps according to a first 
embodiment of the method for producing the quartz glass jig according to the present 
invention. 

Fig. 2 is a flow chart schematically showing the process steps according to a second 
2 0 embodiment of the method for producing the quartz glass jig according to the present 
invention. 

Fig. 3 is a flow chart schematically showing the process steps according to a third 
embodiment of the method for producing the quartz glass according to the present invention. 
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Fig. 4 is a flow chart schematically showing the process steps according to a fourth 
embodiment of the method for producing the quartz glass according to the present invention. 

5 Mode for Carrying Out the Invention 

As shown in Fig. 1, a quartz glass raw material is firstly prepared (step 1 00), the quartz glass 
raw material is processed into a desired shape by a flame processing or is subjected to an 
abrasion treatment (step 102), then subjected to a strain-removing annealing (step 104), 
subjected to a treatment in a clean atmosphere or, in other words, in an atmosphere 

10 containing no metal impurity together with flowing an etching gas (gas-phase etching step; 
step 106), then subjected to a high-temperature thermal treating together with flowing a gas 
for purification (purifying gas) (gas-phase purifying step; step 108), cooled down to ambient 
temperature and subjected to a washing treatment (step 1 10) to give a product whereupon 
there is prepared a quartz glass jig where the degree of cleanness of the surface layer is 

15 improved. 

With regard to a quartz glass raw material in the above step 100, any of natural quartz glass 
raw material or synthetic quartz glass raw material may be used. When a synthetic quartz 
glass raw material is used, that where concentration of each of metal impurities such as Li, 
2 0 Na, Mg, Al, K, Ca, Ti, Cr, Fe, Ni and Cu is less than 5 ppb is advantageously used. 

With regard to the above-mentioned step 102, step 104 and step 110, there is no particular 
limitation but the publicly known methods for each of them may be appropriately selected. 
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It is preferred that the above gas-phase etching step (step 106) is carried out for 15 minutes 
or longer within a temperature range of 0°C to 1 300°C. The step is to subject the outermost 
surface layer where contamination during the manufacturing steps for quartz glass is the 
highest to removal by means of etching. Depth for the etching is necessary to be several urn 
5 or more and, preferably, it is conducted to an extent of about 30 |im. 

With regard to the above-mentioned etching gas, gas containing F is most common and its 
examples are CF 4 , C 2 F 6 , C 3 F 8 , C 4 F 8 , CIF 3 , NF 3 , SiF 4 , CHF 3 , SF 6 . HF, F 2 and a mixed gas 
thereof. In the etching, the etching is more effective when conducted after mixing with H 2 
1 0 gas or gas containing H such as H 2 0. 

With regard to the above gas-phase purifying step (step 108), it is preferred that a quartz 
glass jig which is an object is placed for 15 minutes or longer in a clean atmosphere at the 
temperature range of 800 to 1300°C and then subjected to a high-temperature thermal 
1 5 treatment. With regard to the temperature, the effect is noted as from 600°C but, since it is 
necessary to set for long time at low temperature range, 800°C or higher is preferred. When 
the temperature is higher than 1 300°C, deformation may take place in a quartz glass jig 
which is complicatedly designed and, when it is higher than 1400°C, there is a problem that 
crystallization rapidly proceeds. 

20 

With regard to the above-mentioned purifying gas, a gas containing CI is common and its 
examples are HCI, Cl 2 and a mixed gas thereof. Inert gas such as nitrogen, argon or helium 
or a vacuum atmosphere is effective if it is a clean atmosphere. CO gas is also able to be 
used as a gas which is particularly effective for removal of iron. As a result of the above 
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gas-phase purifying step, at least 100 |am from the surface after the etching is purified. 

A specific illustration will be made taking the case where CF 4 is used as an etching gas and 
HCI is used as a purifying gas as an example. Firstly, a quartz glass raw material is 
prepared, the quartz glass raw material is made into a desired shape by a flame processing 
or subjected to an abrasion processing, subjected to a strain-removing annealing in an air 
furnace at 1200°C, then allowed to stand for 15 minutes at 1200°C together with flowing of 
CF 4 gas thereon, further allowed to stand for 15 minutes together with flowing of HCI gas 
thereon, cooled down to ambient temperature and subjected to a washing treatment to give 
a product. 

In the above-mentioned method, CF 4 gas removes the whole surface of the quartz glass jig 
to an extent of 5 ^im by means of etching and, after that, HCI gas is diffused from the surface 
layer of the quartz glass jig to an extent of 1 00 ^m, released and reacts with the metal 
15 element surrounded by a silica network to form a chloride. Most of the chloride is converted 
to a gas-phase molecules having a high diffusion coefficient at 600°C or higher and is 
quickly diffused and removed to outside from the surface of the quartz glass jig. Even the 
single substance of metal element not forming a chloride is similarly diffused and removed if 
it has a big diffusion coefficient whereby the surface layer of the quartz glass jig can be made 
2 0 clean. 

Further, as shown in Fig. 2, when a high-temperature thermal treatment is carried out in an 
atmosphere where the above-mentioned etching gas and the above-mentioned purifying 
gas are mixed, it is possible to simultaneously carry out a gas-phase etching treatment and a 
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10 



-9- 



gas-phase purifying treatment (step 107). 



It is advantageous that, in the above step 107, a heating treatment is carried out for 30 
minutes or longer at the temperature range of 800°C to 1300°C. With regard to the 
5 compounding ratio of the mixed gas, it is preferred that each gas is contained in an amount 
of at least 5% by volume to the total gas flow rate. 

Further, as shown in Fig. 3, when a quartz glass raw material is prepared (step 100) and 
made into a desired shape by a flame processing treatment or the like (step 102) and a 

1 o strain-removing annealing treatment is carried out together with the above gas-phase 

etching treatment and the above gas-phase purifying treatment (step 105), it is possible to 
improve the degree of cleanness of the surface layer of the quartz glass jig. In the step 1 05, 
the gas-phase purifying step is carried out after the gas-phase etching step as same as in 
step 106 and step 108 of Fig. 1. 

15 

Still further, as shown in Fig. 4, when a quartz glass raw material is prepared (step 100), 
made into a desired shape by a flame processing treatment or the like (step 102) and then 
subjected to a strain-removing annealing treatment, a gas-phase etching treatment and a 
gas-phase purifying treatment at the same time (step 105a), it is possible to improve the 

2 0 degree of cleanness of the surface layer of the quartz glass jig. In the step 1 05a, a 

high-temperature thermal treatment is carried out in an atmosphere where the above 
etching gas and the above purifying gas are mixed as same as in step 107 of Fig. 2. 

The above-mentioned method where a gas-phase etching treatment and a gas-phase 
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purifying treatment are carried out together with a strain-removing annealing treatment (Fig. 
3 and Fig. 4) results in shortening of the manufacturing steps as well as making clean 
whereby that is very efficient. 

With regard to the above steps 105 and 105a, it is preferred to carry out them within a range 
5 of 800°C to 1 300°C for at least 30 minutes, more preferably within a range of 1 000°C to 
1300°C and, still more preferably within a range of 1200°C to 1300°C and it is most preferred 
to carry out at 1200°C which is the common annealing temperature. 

In accordance with the above-mentioned first feature to the fourth feature of the method for 
1 0 the manufacture of a quartz glass jig of the present invention, it is now possible that most of 
contamination of the surface layer during the manufacturing steps of the quartz glass jig is 
removed and that until 100 (im in the depth direction is made clean to such a high purity that 
the semiconductor industry demands. 

15 It was clearly confirmed that, in the case of natural quartz glass jig, when concentration of 
each of the elements Na, K, Li, Mg, Cr, Fe, Ni and Cu to a depth of 100 jim from the surface 
is low or, in other words, when each concentration is lower than 50 ppb, the jig has an effect 
as a quartz jig for semiconductor industry. Thus, when it is used for a semiconductor 
industry even at high temperature, there is no release of metal impurities from the surface 

2 0 layer resulting in no affection to silicon wafers. 

It was strongly confirmed that, in the case of synthetic quartz glass jig, when each of Li, Na, 
Mg, Al, K, Ca, Ti, Cr, Fe, Ni and Cu is less than 50 ppb, the jig has an effect as a quartz jig for 
semiconductor industry. In that case, with regard to purity of the starting glass raw material, 
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each of all above-mentioned elements is less than 5 ppb. 
Examples 

As hereunder, the Examples of the present invention will be specifically illustrated and it 
5 goes without saying that those Examples are shown in an exemplified manner and should 
not be interpreted in a limitative manner. 

Example 1 

A square rod of 20 mm x 20 mm x 1300 mm was cut out by a cutter from a quartz glass raw 
10 material prepared from natural rock crystal quartz glass powder and 130 grooves of 2 mm 
width and 5 mm depth were carved in a direction perpendicular to a long axis with intervals 
of 10 mm. Then the above grooves were subjected to a fire polish by a metal burner using 
an oxyhydrogen flame to give a smooth and flat surface state. 

15 As shown in Table 1 , the grooves of the above quartz glass rod were made into a state of a 
smooth surface, allowed to stand in an air furnace at 1200°C for 30 minutes, cooled down to 
room temperature during one day and taken out. The quartz rod which was taken out was 
placed in a quartz tube of 300 mm diameter x 2000 mm, CF 4 gas was flown thereon at 1 
liter/minute followed by keeping at 1200°C for 15 minutes, then HCI gas was flown thereon 

20 at 1 liter/minute followed by keeping at 1200°C for 15 minutes and the rod was cooled down 
to room temperature during one day, substituted and taken out. 
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Table 1 





Glass Raw 
Material 


High-Temperature Heating 
Treatment 


Treating 

Temperature (°C) 


Example 1 


Natural 


Strain-removing annealing 
CF 4 HCI 


1200 


Example 2 


Synthetic 


Strain-removing annealing as well 
as (CF 4 -> HCI) 


1200 


Example 3 


Synthetic 


Strain-removing annealing as well 
as (CF 4 + HCI) 


1200 


Example 4 


Synthetic 


Strain-removing annealing as well 
as {(CF 4 + H 2 ) HCI} 


1200 


Comp. Ex. 1 


Synthetic 


Strain-removing annealing 


1200 


Comp. Ex. 2 


Synthetic 


Strain-removing annealing HCI 


1200 



From the taken-out quartz glass rod, 100 mm were cut out and the surface layer thereof to 
an extent of 100 ^im from the surface was dissolved in an HF solution followed by subjecting 
to a chemical analysis. Chemical analysis of the quartz glass rod itself wherefrom the 
surface layer was removed was conducted as well. With regard to the means for the 
chemical analysis, a flame atomic absorption and a plasma atom emission were carried out. 
The result is shown in Table 2. In each element, the same purity as that in the natural quartz 
glass material which is a raw material was achieved. 
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Table 2 





Depth of 
Analysis 
(um) 


Na 


K 


Li 


Mg 


Al 


Ca 


Ti 


Cr 


Fe 


Ni 


Cu 




(PPb) 








Example 1 


0-100 


7 


30 


10 


30 


14000 


400 


700 


10 


15 






100- 


30 


110 


50 


40 


14000 


500 


oOO 


/in 
4U 


oU 


OU 




Example 2 


0-100 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


v o 




100- 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


*-D 




Example 3 


U-l UU 




<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


100- 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


Example 4 


0-100 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


100- 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


Comparative 
Example 1 


0-100 


100 


150 


130 


65 


100 


145 


65 


85 


90 


63 


55 


100- 


10 


5 


15 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


5 


Comparative 
Example 2 


0-100 


<5 


<5 


<5 


65 


100 


110 


55 


5 


5 


5 


<5 


100- 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


Starting 
Material 


Natural 


30 


110 


50 


40 


14000 


500 


800 


40 


80 


30 


<5 


Synthetic 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 


<5 



Unit of the concentration of the element shown in Table 2 is ppb. 

5 

Example 2 

From a synthetic quartz glass raw material prepared by a soot, a square rod of 20 mm x 20 
mm x 1 300 mm was cut out by a cutter and 130 grooves of 2 mm width and 5 mm depth 
were carved in a direction perpendicular to a long axis with intervals of 10 mm. Then the 
l o above grooves were further subjected to a fire polish by a metal burner using an 
oxyhydrogen flame to give a smooth and flat surface state. 



As shown in Table 1 , the grooves of the above quartz glass rod were made into a state of a 
smooth surface and placed in a quartz tube of 300 mm diameter x 2000 mm, CF 4 gas was 
15 flown thereon at 1 liter/minute followed by keeping at 1200°C for 15 minutes, then HCI gas 
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was flown thereon at 1 liter/minute followed by keeping at 1200°C for 15 minutes and the rod 
was cooled down to room temperature during one day, substituted and taken out. 

From the taken-out quartz rod, 1 00 mm were cut out and the each of surface layer thereof to 
5 an extent of 100 ^im from the surface and the quartz glass rod itself wherefrom the surface 
layer was removed was dissolved in an HF solution followed by subjecting to a chemical 
analysis as same as in Example 1 . The result is shown in Table 2. In each of the elements, 
the same purity as that in the synthetic quartz material which is a raw material was achieved. 

10 Example 3 

As shown in Table 1 , the same treatment as in Example 2 was carried out so that grooves of 
the quartz glass rod were made into a state of a smooth surface and placed in a quartz tube 
of 300 mm diameter x 2000 mm, each 1 liter/minute of CF 4 gas and HCI gas was flown 
thereon followed by keeping at 1200°C for 30 minutes and the rod was cooled down to room 
1 5 temperature during one day, substituted and taken out As shown in Table 2, the result was 
also as same as that in Example 2. 

Example 4 

As shown in Table 1 , the same treatment as in Example 2 was carried out so that grooves of 
2 0 the quartz glass rod were made into a state of a smooth surface and placed in a quartz tube 
of 300 mm diameter x 2000 mm, CF 4 gas and H 2 gas were flown at the rate of 1 liter/minute 
thereon followed by keeping at 1200°C for 15 minutes, then HCI gas was flown thereon at 
the rate of 1 liter/minute thereon followed by keeping at 1200°C for 15 minutes and the rod 
was cooled down to room temperature during one day, substituted and taken out. As shown 
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in Table 2, the result was also as same as that in Example 2. 
Comparative Example 1 

A synthetic quartz glass raw material prepared by a soot was used and, by the same 
5 process as in Example 2, grooves of the cut-out quartz glass rod were made into a state of 
smooth surface and the rod was allowed to stand in an air furnace at 1200°C for 30 minutes, 
cooled down to room temperature during one day and then taken out. 

From the taken-out quartz glass rod, 100 mm were cut out and each of the surface layer 

1 o thereof to an extent of 1 00 urn from the surface and the quartz glass rod itself wherefrom the 

surface layer was removed was dissolved in an HF solution followed by subjecting to a 
chemical analysis as same as in Example 1. The result is shown in Table 2. As shown in 
Table 2, in the surface layer, concentration of any element was higher than that in the 
starting material. 

15 

Comparative Example 2 

A synthetic quartz glass raw material prepared by a soot was used and, by the same 
process as in Example 2, grooves of the cut-out quartz glass rod were made into a state of 
smooth surface and the rod was allowed to stand in an air furnace at 1200°C for 30 minutes, 

2 0 cooled down to room temperature during one day and then taken out. After that, it was 

placed in a quartz tube of 300 mm diameter x 2000 mm, HCI gas was flown thereon at the 
rate of 1 liter/minute followed by keeping at 1200°C for 15 minutes and the rod was cooled 
down to room temperature during one day, substituted and taken out. 
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From the taken-out quartz rod, 1 00 mm were cut out and each of the surface layer thereof to 
an extent of 100 ^m from the surface and the quartz glass rod itself wherefrom the surface 
layer was removed was dissolved in an HF solution followed by subjecting to a chemical 
analysis as same as in Example 1 . The result is shown in Table 2. As shown in Table 2, in 
the surface layer, concentration of any element was lower than that in Comparative Example 
1 but higher than that in the starting material. 

Advantage of the Invention 

As mentioned above, in accordance with the method for the manufacture of a quartz glass 
jig of the present invention, it is possible that, with regard to a quartz glass jig used in a 
semiconductor industry, most of contamination in the surface layer during the steps is 
removed at low cost and in easy and sure manner whereby degree of cleanness of the 
surface layer is improved. The quartz glass jig of the present invention is a quartz glass jig 
where degree of cleanness of the surface layer is improved which is easily prepared by the 
method for the manufacture of a quartz glass jig of the present invention. 
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